INTRODUCTION
============

Weight loss and malnutrition are common problem in cancer patients. It has been reported that 20% of cancer mortality is correlated with cancer anorexia-cachexia syndrome.[@B1] Poor prognosis is expected when patients have involuntary weight loss, anorexia, weakening muscle strength, and loss of muscle mass that are known as symptoms of cancer anorexia-cachexia syndrome. Malnutrition results in body fluid imbalance and cell membrane change.[@B2] Therefore, body composition analysis plays an important role in measuring nutrition status.[@B3] Classic objective nutritional status are measured by weight, muscle diameter, serum albumin, transferrin, and blood urea nitrogen (physical measurement or blood test). Recently invented bioelectrical impedance analysis (BIA) technique provides early nutritional status predictions by calculating cell membrane change and fluid imbalance. BIA performs noninvasive and fast analysis of body composition, body fluid balance, and cellular health status. BIA measure resistance and reactance via implanted sensors. Resistance is related to total body tissue fluid while reactance is associated with conserving cell membrane.[@B4] Phase angle is an item of BIA test which calculates cellular health status and nutritional status by resistance of body fluid and reactance of cellular membrane. While high phase angle score represents a good cellular membrane function, low phase angle is closely related to apoptosis of cell and decrease of cellular matrix compound.[@B5] The spectrum of BIA research is quite broad. BIA is also applied to prognosis study by nutritional status analysis.[@B6]

In previous studies using BIA, Gupta et al.[@B7],[@B8],[@B9],[@B10] demonstrated prognostic value of phase angle in pancreatic cancer, lung cancer, breast cancer, and colorectal cancer patients. Santarpia et al.[@B11] showed association between Karnofsky index and phase angle in advanced cancer patients. Paiva et al.[@B12] also reported phase angle as an independent prognostic factor in a prospective observational study. Norman et al.[@B13] showed that phase angle lower than 50% in the standard reference was associated with decrease of physical function, nutritional status, and increase of mortality. However, the relationship between phase angle and survival in terminal cancer patients has never been studied in Korea. Therefore, the objective of this study was to evaluate the correlation between phase angle and survival in terminal cancer using phase angle of BIA test and the effect on inpatients of hospice and palliative unit.

METHODS
=======

1. Study Population
-------------------

We enrolled 28 hospice inpatients of the Seoul St. Mary\' s Hospital, the Catholic University of Korea from January 1, 2013 to May 31, 2013. The inclusion criteria of the study were as follows: 1) inpatients over 18 years old who agreed to participate in the study; 2) inpatients who were diagnosed with terminal cancer. The exclusion criteria were as follows: 1) patients who were impossible to communicate with this study (ritual deterioration, severe cognitive impairment); 2) patients who have lymphedema of upper or lower extremity; 3) patients who have history of edema (heart failure, liver failure, inferior vena cava syndrome, superior vena cava syndrome); 4) patients using diuretic on medical record; 5) patients with ascites, pleural effusions, and pericardial effusion.

2. Study Methods
----------------

This study used a prospective observational study method analyzing the associations between phase angle and the survival time in terminal cancer patients by using BIA.

### 1) Demographic and clinical information

Demographic and clinical data of age, gender, type of cancer, comorbidities, surgical treatment history, chemotherapy history, and radiation treatment history were collected from medical records. Body mass index (BMI) was calculated by height and weight. Palliative performance scale (PPS) and palliative prognostic index (PPI) were interviewed. Phase angle was investigated at the time of admission with serum protein and albumin levels reflecting the basic nutritional status.

### 2) Evaluation of palliative performance scale and palliative prognostic index

PPS is a modified Karnofsky performance index that evaluates patients\' performance status. It reflects five functional statuses: ambulation, degree of disease, self-care, oral intake, and consciousness. PPS ranged from 0% to 100% in 10% increment, with 100% defined as a normal and healthy state whereas 0% defined as death.[@B14],[@B15]

PPI, developed by Morita, could evaluate both performance status and the following clinical findings well-known to be associated with poor prognosis: dietary intake, edema, dyspnea on exertion, and delirium.[@B16] Performance status was scored from 0 to 4 by grouping Karnofsky performance index. Dietary intake ranged from 0 to 2.5, edema from 0 to 1, dyspnea on exertion from 0 to 3.5, and delirium from 0 to 4 by the degree and presence of symptoms. The total score was the sum of the performance and clinical scores from the lowest 0 to the highest 15 points.

### 3) Measurement of the phase angle by bioelectrical impedance analysis

BIA was measured using Biodynamics model 450 body composition analyzer (Biodynamics Co., Seattle, WA, USA). Patients dropped their legs in bed with supine state, and took a position with arms not touching the body. The two sensing electrodes were attached to the right side of the wrist and ankle. The two current electrodes were attached to the right dorsum of hand and foot. Data of sex, height, weight, and age were added to the machine which automatically calculated their values.[@B17] Resistance and reactance results were provided with a current of 800 µA and BIA at 50 Khz. Phase angle was obtained using the following formula:

### 4) Statistical analysis

By using the frequency analysis, the continuous variables were described by the median and interquartile range. Categorical variables were described by the frequency and percentile. The correlation between the phase angle and PPS, PPI, phase angle, and survival time were analyzed using the Spearman correlation analysis. Univariate and multivariate Cox regression analysis were used to examine variables affecting the survival time of the study subjects. Differences of survival time of phase angle scores were analyzed by log-rank test. SPSS ver. 16.02 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. Significance was defined if the probability (P-value) was less than 0.05.

RESULTS
=======

1. Demographic and Clinical Characteristics
-------------------------------------------

Of 28 study subjects, 13 (46.4%) were male patients and 15 (53.6%) were females. The most common age group (53.6%) were over 70 years old, followed by 50 to 70 years old (35.7%), and 30 to 50 years old (10.7%). The most common type of cancer was digestive tract cancer with 11 patients (39.2%), including stomach, colon, digestive system, and liver cancer. The number of lung cancer, hematologic cancer, and or bladder/kidney cancer patients was 3. Nine patients had diabetes. Five patients had hypertension. Of the 28 patients, 19 (67.8%) underwent chemotherapy, 16 (57.1%) received radiation therapy, and 12 (42.8%) had surgery. The median score of BMI, PPI, PPS, and phase angle were 19.80 kg/m^2^ (15.10-24.60), 4.5 (0-9), 50% (20, 70), and 4.50° (1.8-6.5), respectively. The median survival time of the patients was 25.5 days (78.5%), with 22 patients expired at the end of the study ([Table 1](#T1){ref-type="table"}).

2. Relationship between Phase Angle and Palliative Performance Scale, Palliative Prognostic Index, Body Mass Index, and Survival Time
-------------------------------------------------------------------------------------------------------------------------------------

We used Spearman\'s correlation analysis to evaluate the correlation between phase angle and PPS, PPI, BMI, and the survival time. Phase angle showed significant positive correlation (r = 0.395, P \< 0.05) with the survival time. BMI exhibited significant negative correlation (r = -0.538, P \< 0.05) with PPI and positive correlation (r = 0.493, P \< 0.05) with survival time. PPI showed significant negative correlation (r = -0.408, P \< 0.05) with the survival time ([Table 2](#T2){ref-type="table"}).

3. Factors Affecting the Survival: Univariate Analysis
------------------------------------------------------

We examined factors affecting the survival by univariate Cox regression analysis. Phase angle showed statistically significant predication of survival (hazard ratio \[HR\], 0.61; 95% confidence interval \[CI\], 0.42-0.89; P = 0.01). PPI also showed significant predictive value for survival (HR, 1.21; 95% CI, 1.00-1.47; P = 0.048). However, age, PPS, and BMI did not showed significant relationship with survival ([Table 3](#T3){ref-type="table"}).

4. Factors Affecting the Survival: Multivariate Analysis
--------------------------------------------------------

We examined effects of age, PPI, BMI, and phase angle on survival by using the multivariate Cox regression analysis. Adjusted for age, PPI, and BMI, only phase angle showed statistically significant predictive value for survival (HR, 0.64; 95% CI, 0.42-0.95; P = 0.03) ([Table 4](#T4){ref-type="table"}).

5. Difference in Survival according to the Phase Angle
------------------------------------------------------

We divided phase angle into two groups with cut-off value of 4.4 degree. Kaplan-Meier survival curve revealed that phase angle larger than 4.4° showed statistically significant (P = 0.01) longer survival time compared to phase angle less than 4.4° ([Figure 1](#F1){ref-type="fig"}).

DISCUSSION
==========

Accurate survival prediction is essential for decision-making in palliative care to prevent unnecessary treatment. This study demonstrated that phase angle has significant prognostic value in terminal cancer patients. Phase angle score over 4.4 degree had longer survival time than those below 4.4 degree. Previous studies on phase angle also showed similar results. Toso et al.[@B18] reported that a significant longer survival in group of phase angle over 4.5 degree in lung cancer patients. Hui et al.[@B19] also showed longer survival time in advanced cancer patients with phase angle over 4.5 degree. Gupta et al.[@B7],[@B8],[@B9] reported that pancreatic cancer patients with median phase angle score over 5 degree and advanced colorectal cancer and breast cancer patients with over 5.6 degree showed longer survival time. Although these studies were performed in different populations, they provided the following consistent results: over a certain cutoff value, phase angle showed longer survival time. It is generally agreed that phase angle less than 5 degree will need medical management in any person.

Weight loss due to malnutrition, decrease in muscle strength, and decrease of quality of life are reported to be associated with shorter survival.[@B20] The mechanism of phase angle is probably originated from the predictability of nutritional status. Malnutrition can strongly affect the electric characteristics of human body. Phase angle calculated by resistance and reactance of body can demonstrate distribution of BMI, muscle mass, and dehydration status.[@B21] Moreover, phase angle affect both nutritional status and physical function or strength.[@B22] Body resistance and reactance could predict muscle strength associated with hand grip strength, maximal expiratory flow, and Karnofsky index in advanced cancer patients.[@B13],[@B23] Our findings suggest that body fluid and cellular membrane status might predict prognosis as much as the pre-existing prognostic factor such as physical function and performance status. Future studies about cellular function, body fluid, and nutritional status are merited.

In this study, we compared prognostic value of phase angle with PPS and PPI, the well known prognostic factors in palliative care. To predict mortality within 6 month, PPS has a predictability of 96% at PPS 10% to 20%, 89% at 30% to 40%, and 81% over 50%.[@B15] PPI index more than 6 showed 80% sensitivity and 85% specificity mortality.[@B16] However, PPS could not present prognostic value in Cox regression analysis. PPI only showed prognostic value in univariate Cox regression analysis. This is probably due to the small number with minute discrimination of PPS score in each patient. In addition, co-linearity of PPS and PPI may have affected the result. To overcome the limitation of this study, a large scale study with longer observation period is needed.

This study has several limitations. Firstly, the small study population (28 subjects) may restrict the generalization on the outcome of phase angle. Further prospective study with various number and patients are recommended. Secondly, because this study is performed in tertiary hospital inpatients, we need information on outpatients and different medical facility. Finally, we excluded patients with edema, pleural effusion, and ascites in this study. These are frequent signs of terminal cancer patients. Therefore, this might have resulted in selection bias.

To our knowledge, this was the first study that evaluated the correlation between phase angle and survival in terminal cancer patients in Korea. Although the study had its limitations, our results demonstrated that phase angle could provide significant prognostic value for survival.

Phase angle probably have prognostic value in terminal cancer patients. Low phase angle score predicts poor prognosis.
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![Kaplan-Meier survival analysis by phase angle group (log-rank, 6.208; P-value = 0.013). Phase angle score below 4.4 showed significant shorter survival than phase angle score over 4.4.](kjfm-35-251-g001){#F1}

###### 

Clinical characteristics of the patients
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Values are presented as number (%) or median (inter quartile range).

^\*^Data are presented as median (Q1, Q3). ^†^Calculated as weight in kilograms divided by height in meters squared.

###### 

Spearman\'s correlation coefficients of phase angle, BMI, PPS, PPI, and survival time
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Values are presented as correlation coefficient by Spearman\'s correlation analysis.

BMI: body mass index, PPS: palliative performance scale, PPI: palliative prognostic index.

^\*^Shows P-value \< 0.05.

###### 

Variables influenced on patients\' survival by univariate analysis
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^\*^Assessed by univariate Cox\'s regression analysis.

###### 

Variables influenced on patients\' survival by multivariate analysis

![](kjfm-35-251-i004)

BMI: body mass index, PPI: palliative prognostic index.

^\*^Assessed by multivariate Cox\'s regression analysis. Multivariate models were adjusted for age, PPI, BMI, and phase angle.
